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Where to find L-jets
(Hidden Valley + SUSY)

Introduced by Strassler & Zurek PLB 651 (2007)
Many phenomenological scenarios possible.

e Visible sector SUSY is
produced

£ —» SUSYSMLP -> L-jet

g — At least 2 L-jets per event

& — Also get large MET

£ — But need low-mass SUSY to

be real
— Dark photon (~GeV) —>

) decays into SM fermions
i through mixing with photon

visible sector hidden sector



Tevatron Performance
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Thanks to Tevatron for its incredible performance along all these years!!!
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Experimental Setup
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Pointing EM showers

‘ Central Calorimeter
EM Showergmal

-+ Excellent granularity of
| the calorimeter and

ad | preshower allows

B reconstruction of EM

menr shower direction.

* Able to measure /
identify production
n vertex

* Far away from the
primary vertex —
where tracking is
inefficient

¢
M
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Decays to the dark side

e |f the lightest SUSY particle (LSP) of the hidden sector ( X) is
lighter than the lightest SM SUSY partner (SM-LSP), the SM-
LSP can decay promptly into particles of the hidden sector

e All SM LSPs decav to L-iet
f

fF f

ol
_ o
=

i.e. chargino+neutralino production, with
decays into SMLSPs, which then decay into
dark sector SUSY particles (X)

and dark photons.

gl

> X

One of the diagrams giving rise to the
events with a photon, dark photon
(vD), and large missing

energy due to escaping dark
neutralinos (X)

PRL 103, 081802 (2009)



and strongly depend on the dark photon mass.

Branching fraction

Dark Photon Decays

Dark photons decay through mixing with photons into SM fermions with
branching fractions that can be calculated from the measurements of

o(ete™ - hadrons)

o(ete »u*u-)

We study a range of dark photon masses from 0.15 to 2.0 GeV.
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Branching ratio of the dark
photon into electrons (red line),
muons (blue line) and hadrons
(magenta line)

Experimental signature: two very
close leptons



Dark Photon Reconstruction

P e
Y i N QN = z
S e YA Two spatially close
e NN Y tracks can be reliably M2
resolved in the central i
tracker  44im
F ) -

Y, The resolution in the V
muon system makes it g s s

look as a single muon [

N {? 2 - " | electrons form one
0 % < calorimeter cluster —
— s

similar to photon
conversions
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L-jet Identification

“Electron L-jet” “Muon L-jet”

EM cluster, pt > 15 GeV 3 hit tracks in muon system

Matched to pt> 10 GeV track Matched to pt> 10 GeV track
 The two tracks must be AR>0.8 apart Muon
* Each of the two tracks must have a “companion track” / -y

— pt > 4GeV, and at least one silicon hit Q

— AR<0.2, |dz|<1cm from seed track

— Opposite charge from seed track Seed

Companion
Track

P AR = \/Ap? + An?



L-jet Isolation

Need isolation to separate from multi-jet background
But keep isolation loose enough not to kill possible signals!

The “track isolation” is defined by a scalar sum over pT of tracks

with pT > 0.5 GeV, z < 1 cm from the seed track at its distance of
closest approach to the beam line, and within an annulus 0.2 <AR< 0.4
relative to the seed track

Muon isolation in calorimeter I, < .066*pT+2.35 GeV, 0.1<AR<0.4 of either muon or
companion track
— Remove 94% of Background

Electron isolation in calorimeter lem< .085*pT-.53 GeV 0.2<AR<0.4 in EM layers
and AR<0.4 in hadronic layers (corrected for underlying event and pileup at high
luminosity)

— Remove 90% of Background

Isolation cuts are functions of L-jet pT so not to bias MET measurement
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Two candidates electron |-jets, two
jets, large MET

Run 248074 Evt 24810582 Wed Dec 17 03:48:03 2008 Run 248074 Evt 24810582 Wed Dec 17 03:49:03 2008
Triggers: ET scale: 52 GeV
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MET et: 55.88
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Two L-jet Data Sample

To model the background we use
the MET distribution in data without
isolation requirements.

No excess observed at high MET
Signal MC has large MET.

For the MC-Signal the highest bin

contains all events with MET > 90
GeV.

Systematics on the background
shape are determined from
changes in the MET shape when just
one or the other L-jet is non-
isolated.
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Resonance Search

For events with 2 isolated L- jets

and MET>30 GeV, look for 3
resonance in track/companion 5
track mass g
Background estimated from B
isolated di-L-jet sample with
MET<20 GeV
3
M(yp)(GeV) B, B, AM({-jet)(GeV) Eff. ee, pu(%) 52
0.15 1.00, 0.00 0.0-0.3 81, — -c.-
0.3 0.53,0.47 0.1-0.4 82, 88 -g
0.5 0.40, 0.40 0.3-0.6 81, 89 g
0.7 0.15,0.15 0.4-0.8 85, 89 -
0.9 0.27,0.27 0.6-1.1 82,91
1.3 0.31,0.31 0.9-1.4 72,779
1.7 0.22,0.22 1.0-1.8 73,76
2.0 0.24, 0.24 1.3-2.2 73, 83
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S = NN W R N3
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Results

—~ [L N R R R P e
Limits with CLs method 2 — Inclusive fimit D@ 5.8 10
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— Signal efficiency, 20% 2 | %1
— Background normalization, 20-50% & .| : 25
— Luminosity, 6.1% & F I HEE
. . (& B (e
Limits are weaker when the dark i £l -
photon branching ratio to hadrons 10 o
IS Iarger, particularly near the P and 0o 05 '1 - '155' - i - '215' —
(I) resonances. Dark photon mass (GeV)
Chal‘l. Rf N()bS A'Irpred ﬁ(%) E(%) B Tgs5q X B, (ﬂj)
Observed  Predicted
wp 033 3 B6=45 50 12 B2 20 35726
e 037 11 17542 53 15  2B,B, 19 30719
ee 004 7 10.2 + 1.7 45 20 B2 13 1914
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Summary

We have performed a search for events with two tightly
collimated jets consisting mainly of charged leptons and
large MET in 5.8 /fb of integrated luminosity.

The invariant mass of the L-jets, formed by a seed track and
a companion track was also examined for a resonant signal.

No evidence was observed for such signals, and upper
limits were set, as a function of M(yp), on the production
cross section for SUSY particles decaying to two jets and
large MET.

This work has been published, PRL 105, 211802 (2010)
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